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forces. [5] [6] [7] [8] [9] For the treatment of keloids and hypertrophic scars, the role of conservative or minimally invasive management such as splinting, silicon sheeting and steroid injections have been well described in the literature. [10] [11] [12] [13] [14] [15] [16] Autologous fat grafting has been introduced as the treatment of atrophic scars and contour deformity. It not only serves to improve contour and to fill areas of deficiencies, but increasingly there has been a focus on its ability to regenerate and remodel surrounding tissues. 17 Studies have shown that adipose-derived stem cells have angiogenic and antiapoptotic properties which has effects on wound healing, soft-tissue restoration and scar remodelling. [18] [19] [20] Fat grafting was first described by Neuber in 1893 for filling a retracted scar at the infraorbital rim. 21 Since then it has developed slowly over the next century and, in 1992, Coleman described his technique which improved overall adipose cell survival. 22 The Coleman technique forms the basis of how fat graft is currently performed. Fat grafting has since been used increasingly in a wide spectrum of clinical applications. Currently, it is widely used in breast reconstruction and augmentation, as an adjunct procedure to improve contouring and to fine-tune the reconstructed breast or as a stand-alone technique for breast reconstruction. [23] [24] [25] [26] [27] [28] It has also frequently been used as an adjunct procedure in the treatment of facial aging and facial reconstruction. 29 The use of fat grafting as a treatment option for scars has recently been popularised and there is an abundance of evidence in the literature which supports its application for the treatment of scars in general. 18, 30 However, its role specifically in keloids and hypertrophic scars is not well described. Our goal is to systemically review the available literature regarding the use of fat grafting in treatment of keloids and hypertrophic scarring.
Patients and methods

Literature search
A comprehensive search was conducted in September 2016 using the following terms in combination in PubMed, MEDLINE and EMBASE: 'fat grafting', 'lipofilling', 'adipose cells', 'fat injection', 'autologous fat graft', 'keloid scar', 'hypertrophic scar', 'scar management', 'wound management' and 'burn scar'. Articles were screened and selected by the primary author (GL) with any concerns regarding article eligibility consulted and discussed with the two other senior authors.
Inclusion criteria
All study types including randomised controlled trials, prospective trials, retrospective cohort studies, case-control studies, case series and case reports were included. The articles needed to describe the use of autologous fat grafting and its effect for the treatment of keloids or hypertrophic scars. The terms 'keloid' and/or 'hypertrophic scar' needed to be specified in the population or outcome of the studies. There were no restrictions with regards to the number of patients, follow-up periods or languages of articles.
Exclusion criteria
Exclusion criteria were articles on fat grafting for acute wounds, contour deformity, non-keloid and non-hypertrophic scars. Animal studies and in vitro studies were also excluded.
Statistical analysis
A formal statistical analysis was not performed because of the methodologic heterogeneity demonstrated among the articles.
Results
In total, 858 articles were identified through database searching ( Figure 1 ). A PRISMA (P referred R eporting I tems for S ystematic R eviews and Meta-Analyses) flowchart for literature attrition is included ( Figure 1 ). Duplicates were removed and 562 distinctive articles were found. After screening through all remaining titles, 70 relevant abstracts were assessed after our inclusion criteria, of which 44 were excluded. The remaining 26 full text articles were reviewed in their entirety and ultimately ten studies were included (Table 1) .
In the ten studies, the majority of the scars identified are as results of burns or thermal injuries. A total of 1092 patients were included in these ten studies but unfortunately most did not specify the number of keloids or hypertrophic scars. In two of the studies, keloid scars were excluded.
Keloids and hypertrophic scars may in fact represent a small portion of this group of patients. Despite this, all ten studies reported promising results of fat grafting on the appearance, thickness, elasticity of the scars and its associated functionality.
Case-control studies
Klinger et al. enrolled 694 patients and performed fat grafting on 20 of them. 31 Hypertrophic scars were described but the exact number was not specified. Keloids were excluded. Each scar was divided into two parts, one part fat grafted and the other infiltrated with normal saline. Assessment was made with durometer measurements and the Patient and Observer Scar Assessment Scale (POSAS) and results were statistically analysed. Statistically significant improvement was noted in skin hardness and all POSAS parameters except itching.
Similarly, Bruno et al. divided 93 burn scars into two homogenous portions with fat grafting performed in one portion and the other portion as control. 32 Significant histochemical and antibody expression changes such as VEGF, β-catenin, TGF-β, Ki-67, P53 and P63 were noted. Clinical outcome was evaluated with modified Vancouver scar scale and patient satisfaction questionnaire which demonstrated functional and aesthetical improvement in hypertrophic scars.
Case series
In a different study, Klinger et al. reported improvement in skin elasticity, texture and thickness in three patients with hemifacial hypertrophic scars and keloids secondary to severe burns. 33 Histological examinations by punch biopsies before and after fat grafting demonstrated new collagen deposition, local hypervascularity and dermal hyperplasia. Magnetic resonance scans were also performed showing similar and relatively symmetrical soft tissue signal enhancement on both the affected and unaffected sides.
Brongo et al. performed fat grafting on 18 patients with post-burn hypertrophic scars and keloids, noting better colour, texture, thickness, elasticity and a reduction of scar retraction. 34 New collagen deposition, dermal hyperplasia and neoangiogenesis was also demonstrated on histological examination.
Piccolo et al. included 240 patients with acute, subacute burn wounds and burn scars. 35 Subjective aesthetic improvement was reported with clinical photographs demonstrating visible and, in one case, complete remission of hypertrophic scar volume. However, the exact number of keloids or hypertrophic scars was not specified.
Mazzola et al. reported significant improvement in scar thickness and colour in a series of ten patients with retracted and/or hypertrophic scar secondary to tracheostomy. 36 Byrne et al. described functional improvement in a series of 13 patients with burn scars in the hand. Evaluation was made with Total Active Movement (TAM), the Disabilities of Arm, Shoulder and Hand (DASH) Questionnaire and Michigan Hand Outcome Questionnaire (MHQ). However, only one of the patients was specified as having hypertrophic scar. 37 Fredman et al. focused on the improvement of neuropathic pain assessed with PatientReported Outcomes Measurement Information System (PROMIS), also reporting improvement of colour, texture, contour, pliability and pruritus. 38 One of seven patients had hypertrophic scar secondary to chemical burn; others were not specified.
Similarly, Huang et al. reported an improvement of neuropathic pain in a series of 13 patients evaluated by Visual Analog Scale (VAS) and Neuropathic Pain Symptom Inventory (NPSI). 39 One patient had keloid on his left knee from friction burn and another had hypertrophic scar on her knee from an avulsion injury; others were not known.
Case reports
Admani et al. reported a multimodal approach with the combination of fat grafting, ablative fractional lacer resurfacing, laser-assisted corticosteroids delivery and pulsed-dye laser treatments for a mixed hypertrophic/atrophic facial scar from a dog bite in a three-year-old girl. 40 Improvement in facial asymmetry, texture and colour was described and demonstrated by clinical photographs.
Discussion
To our knowledge, there is currently no study in the literature that focuses on the use of fat grafting in treatment of keloids or hypertrophic scars. However, there is substantial evidence that fat grafting has a positive effect on wound healing and scars in general. Two systematic reviews were recently published in this topic. Negenborn et al. reviewed fat grafting for treatment of all scar-related conditions which included 26 studies with 906 patients in total. 30 The main outcome measures were scar appearance, skin characteristics, restoration of volume and contour, itch and pain. Other therapies, such as platelet-rich plasma and laser therapy in combination with fat grafting, were also described. Conde-Green et al. instead focused on burn wound healing and burn scars. 18 Six murine and 12 human studies were included in the review with 818 human cases. Despite the lack of randomised controlled trials and comprehensive statistical analysis, overall it was suggested that fat grafting has beneficial effects on scars with few side effects.
With regard to the underlying pathophysiology and mechanism of fat grafting, several in vitro and murine studies suggested multiple immunohistochemical pathways where fat grafting may have positive effects on keloids and hypertrophic scars. Sultan et al. demonstrated early revascularisation in burn scars that has been fat grafted in a murine model. 41 As a result, this reduces TGF-β1 upregulation, which is an important regulator for collagen production and fibrosis. Spikeman et al. demonstrated that adipose tissue-derived stromal cells inhibit TGF-β1-induced proliferation of human dermal fibroblasts in a paracrine fashion. 42 Similarly, TGF-β1-induced myofibroblast contraction and collagen III gene expression is also suppressed in keloid scar-derived fibroblasts by adipose tissue-derived stromal cell-conditioned medium. Li et al. demonstrated that adipose tissue-derived 40 Case report 1 V stem cell conditioned media reduce collagen deposition, scar formation and suppress hypertrophic scar fibrosis by inhibiting the p38/MAPK signalling pathway. 43 The author proposed that adipose tissue-derived stem cell conditioned medium is a potential therapeutic strategy for treatment of hypertrophic scaring. Furthermore, in a human study, Bruno et al. demonstrated changes in histochemistry and antibody expressions in burn scars after fat grafting. 32 Expression of Ki-67 suggested cellular proliferation and restoration to a normal environment post treatment.
It is important to note that the level of evidence of studies included in this review were relatively low with lack of proper statistical analysis. Most of the studies had relatively small number of cases and lacked controls. Most importantly, the exact number of keloids and hypertrophic scars were not specified in the majority of the articles. There is also an inherent bias for publication of positive results.
There is a lack of evidence in the literature on the use of fat grafting specifically on hypertrophic and keloid scarring. And with the limited papers on this, few describe scars from non-burnrelated injuries. It will be interesting to study the effect of fat grafting on hypertrophic scars and keloid scars from different aetiologies. Despite the limitations and the small number of articles in the literature, encouraging clinical results have been reported in the use of fat grafting on keloids and hypertrophic scars. Together with the current theoretical and immunohistochemical understanding through other laboratory and animal studies, the literature does support that fat grafting may have a role to play in the treatment of keloids and hypertrophic scaring, but there is still much more yet to be explored and investigated in this therapy. The need for further research is thus apparent.
